Abstract: Little was known about the effects of acupuncture on stroke recurrence. The aim of this study is to investigate whether ischemic stroke patients receiving acupuncture treatment have a decreased risk of stroke recurrence.
INTRODUCTION

S
troke remains a leading cause of death and the leading cause of disability worldwide. 1 The costs of stroke to the family and the society underscore the importance of stroke prevention and management. Secondary stroke prevention remains a top priority in treating patients after the first stroke [2] [3] [4] [5] [6] and is a key performance indicator in the American Heart Association/ American Stroke Association Get With The Guidelines Stroke program, 7 which have been followed in Taiwan. 8 The mainstay in stroke prevention for patients with ischemic stroke in the Get With The Guidelines Stroke program is antithrombotic therapy. 7 In addition to antithrombotics for stroke prevention, rehabilitation is an important therapy for facilitating functional recovery after stroke. 9 Other than rehabilitation, stroke patients in Taiwan have the option of receiving complementary and alternative therapies including acupuncture that is approved for reimbursement by the National Health Insurance (NHI) in Taiwan. 10 Acupuncture has been in practice among Chinese for more than 2000 years and has been increasingly integrated into the mainstream healthcare programs including those in the United States. 11 In addition to various pain syndromes, 9, 12, 13 acupuncture has increasingly attracted attention in treating stroke patients with mixed results. 10, 11, [14] [15] [16] [17] [18] Meta-analyses suggest that the efficacy of acupuncture remains to be established. 15, 17 Despite the lack of solid evidence to support its clinical utility, acupuncture is a safe, low-cost, and viable alternative therapy, especially for patients with stroke-related disorders that do not respond to conventional medical or rehabilitative measures. Favorable rehabilitation outcome aided by acupuncture in some stroke patients may increase physical activity to reduce stroke recurrence risk. 19, 20 Acupuncture may also have salutary actions on vascular function by increasing nitric oxide level, improving lipid profile, and lowering blood pressure. [21] [22] [23] [24] [25] Pretreatment of electroacupuncture may reduce infarct size, improved neurological outcome in patients with cerebral infarction. 26 Based on these ancillary effects of acupuncture that may all lead to lower stroke risk in stroke patients who receive acupuncture, we explore whether the incidence of stroke recurrence was lowered in stroke patients receiving acupuncture as compared with those without based on population-based claims in the National Health Insurance Research Database.
METHODS
Data Sources
Reimbursement claims in the NHI database were used in the present study. NHI has been implemented since March 1995, covering more than 99% of the 23 million population. [27] [28] [29] [30] The electronic database was encrypted with patient identifications scrambled to protect privacy of all subjects. This study was exempted from the review by the Internal Review Board. All beneficiaries' inpatient and outpatient medical services such as simple demographics (gender, birth date, low-income status, and urbanization of living area), primary and secondary diagnoses with the International Classification of Diseases 9th Revision Clinical Modification (ICD-9-CM), procedures, prescriptions, and medical expenditures are recorded in the National Health Insurance Research Database established by the National Health Research Institutes.
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Ethics Approval
Insurance reimbursement claims used in this study were from Taiwan's National Health Insurance Research Database. For protection of personal privacy, the electronic database was decoded with patient identifications scrambled for further public access for research. This study was evaluated and approved by Taiwan's National Health Research Institutes (NHIRD-100-122) and the Institutional Review Board of E-DA Hospital, Kaohsiung, Taiwan (2014012); this organization's regulations do not require informed consent because patient identification has been decoded and scrambled. [28] [29] [30] This study was conducted in accordance with the Declaration of Helsinki.
Study Population
In this cohort, 30058 adults (age ! 30 years) with ischemic stroke diagnosed for the first time in 2000-2004 were identified. Patients were then divided into 2 groups, without or with acupuncture therapy after stroke. We further randomly selected from those without acupuncture to constitute a control group that was matched by age, sex, and key variables with the acupuncture group, applying propensity score. Patients with ischemic stroke who were included in the acupuncture group received at least 6 sessions of acupuncture treatment. Only acupuncturists who are certified traditional Chinese medical doctor with acupuncture specialty fulfilling the yearly continuing acupuncture education requirements are qualified for filing NHI claims for acupuncture reimbursement.
Patients with and without acupuncture treatment were followed from the index event until the end of 2009 to identify the incidence of stroke recurrence. Comorbidities including hypertension, diabetes, and hyperlipidemia were identified as the key stroke risk factors that might contribute to stroke recurrence and compound the effectiveness of acupuncture treatment. Effects of medications for stroke prevention including antiplatelet agents, anticoagulants, and lipid-lowering agents on stroke recurrence were also assessed.
Criteria and Definition
ICD-9-CM was used to define ischemic stroke (ICD-9-CM 430-434). Hypertension (ICD-9-CM 401-405), diabetes (ICD-9-CM 250), hyperlipidemia (ICD-9-CM 272.0, 272.1, 272.2), liver cirrhosis (ICD-9-CM 571), mental disorder (ICD-9-CM 290-319), ischemic heart disease (ICD-9-CM 410-414), and renal dialysis (administration code D8, D9) were also identified.
Statistical Analysis
The chi-square tests were used to compare the distribution of age, sex, comorbidities, and medication in reference to stroke recurrence between groups with and without acupuncture treatment. The incidences (per 1000 person-years) of stroke recurrence and incidence rate ratio with 95% confidence intervals (CIs) were derived and compared between groups. Stroke severity was assessed based on length of stay and hospitalization expenditure reimbursed by the NHI. The Kaplan-Meier plot was applied to measure stroke recurrence over time and the Cox proportional hazards model to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). All statistical analyses were performed using SAS software version 9.1 (SAS Institute Inc., Carey, NC) with 2-sided P < 0.05 being taken to represent statistical significance.
RESULTS
Overall, there were 30,058 newly diagnosed cases of ischemic stroke. After matching with propensity score, there was no difference in age, sex, comorbidities relevant to stroke and medications for stroke prevention. In follow-up to the end of 2009, 4639 (30.9%) in the acupuncture group experienced stroke recurrence as compared with 5749 patients (38.3%) in the group without acupuncture (P < 0.001) ( Table 1 ). The length of stay and hospitalization expenditure, 2 parameters that might reflect stroke severity, were not different between groups.
The stroke recurrence rate per 1000 person-years was 71.4 in the group without and 69.9 with acupuncture treatment, respectively (P < 0.001) ( Table 2 ). The reduced risk of stroke recurrence was associated with acupuncture treatment (HR 0.88, 95% CI 0.84-0.91). Acupuncture treatment appeared to reduce stroke recurrence rate in both sexes and across the age groups. Its effect was noted in patients with or without comorbidities relevant to ischemic stroke including hypertension, diabetes, or hyperlipidemia. Acupuncture effect in stroke prevention appeared to be more apparent among those not on medications for stroke prevention. Table 3 presents interaction of medication for stroke prevention and acupuncture treatment. The HR was also significantly lower in those with only acupuncture treatment. Compared with stroke patients without acupuncture treatment and medication therapy, the hazard ratios of stroke recurrence for those had medication therapy only, acupuncture only, and both were 0.42 (95% CI 0.38-0.46), 0.50 (95% CI 0.43-0.57), and 0.39 (95% CI 0.35-0.43), respectively. Compared with stroke patients with medication therapy but without acupuncture treatment, the HR of stroke recurrence for those with both acupuncture treatment and medication therapy was 0.93 (95% CI 0.89-0.97). In Table 4 , the risk of stroke recurrence was associated with numbers of package of acupuncture treatment (P < 0.0001).
The Kaplan-Meier model showed that, during the followup period to the end of 2009, ischemic stroke patients with acupuncture treatment had lower cumulative rate of recurrent stroke than those without acupuncture treatment (log-rank P < 0.0001) (Figure 1 ).
DISCUSSION
Using claims data from the National Health Insurance Research Database, we conducted a nationwide, populationbased, propensity score-matched, retrospective cohort study that investigated the lower risk of recurrent stroke in ischemic stroke patients with acupuncture treatment than those without acupuncture treatment. The present study also showed that the biological gradient relationship between the numbers of package acupuncture treatment and reduced recurrent stroke. This is the first large-scale investigation reporting the effectiveness of acupuncture treatment on reducing the stroke recurrence in ischemic stroke patients.
Antithrombotic therapies, including antiplatelet agents and oral anticoagulants, are the mainstay in the primary and secondary stroke prevention. 5, 6, [31] [32] [33] [34] Acupuncture is a widely used procedure in Chinese medicine for patients with various diseases. [12] [13] [14] [15] [16] [17] [18] [21] [22] [23] [24] [25] Acupuncture has also been applied to stroke patients for reducing spasticity and pain and for improving motor function. 10, [14] [15] [16] [17] [18] Although systematic reviews on the effect of acupuncture, as a supplement therapy for rehabilitation in stroke patients, show mixed results, [14] [15] [16] [17] [18] the infarct size and neurological outcome was improved after the treatment with electroacupuncture in patients with cerebral infarction. 26 Overall, acupuncture has not been shown in well-designed shamcontrolled and randomized trials to be effective in improving functional outcomes after stroke. 14, 17 Acupuncture is accepted by NHI in Taiwan for caring several diseases including stroke. More than 18% of patients with ischemic stroke in Taiwan received acupuncture for at least 6 sessions to qualify for NHI reimbursement. We noted that among those receiving acupuncture, the stroke recurrence rate was lower than those without.
After the matching procedure by propensity score, there was no significant difference in age, sex, coexisting medical conditions, medications, and length of stay or hospitalization expenditure for the first stroke admission between stroke patients with and without acupuncture treatment. Age is the most important stroke risk factor. 35, 36 If there is any impact of age, the acupuncture group has a slighter higher mean age than the control group. These observations make it unlikely that difference in age can be accounted for lower stroke recurrence rate in the acupuncture group. It is worth noting that there appears to have an age-dependent effect on incidence rate ratio that is significantly lower in younger stroke patients (Table 3) . However, among those receiving medical treatment, acupuncture treatment appears to lower the stroke recurrence rate as well (Table 4 ). The finding that the effect of acupuncture in reducing stroke recurrence rate was still noted up to 10 years in follow-up is interesting. This long-lasting acupuncture effect is worth exploring to establish evidence-based acupuncture reduction of stroke recurrence.
A question can also be raised concerning potential difference in stroke severity between groups. Table 2 shows that there was no significant difference in length of stay or hospitalization z Adjusted for age, sex, low income, intensive care unit stay, liver cirrhosis, mental disorder, ischemic heart disease, renal dialysis, rehabilitation, and length of stay. The P of interaction between acupuncture and medication is < 0.0001.
§ Compared with stroke patients with medication therapy but without acupuncture treatment, the HR of stroke recurrence for those with both acupuncture treatment and medication therapy was 0.93 (95% CI ¼ 0.89-0.97).
expenditure for the first stroke, 2 indirect indicators of stroke severity. Figure 1 shows that the probability for being free of a second stroke was significantly higher among those with acupuncture treatment than those without. The validity of the data presented in this retrospective study is also supported by the finding that those receiving medical treatment fared better than those without as presented in Table 4 .
Based on the findings of this study, we proposed some possible explanations for clarifying the effectiveness of acupuncture treatment on stroke recurrence. While systematic reviews failed to establish that acupuncture is a valid rehabilitative measure in improving functional outcome in stroke patients, there are a number of publications showing acupuncture was indeed effective in improving neurological function or physical capability among stroke patients. 15, 16 Increased physical activities have been shown to reduce stroke risk. 37 We have also shown that physical activity is effective in reducing stroke mortality. 19 These findings together raise the possibility that acupuncture may have impact through improved physical activity to reduce the risk of recurrent stroke. The salutary effect of acupuncture may not be restricted to improvement in physical activity. It has been shown that acupuncture is useful in lowering blood pressure, 21, 22 reducing the expression of inflammatory mediators, 38 and improving lipid profile. 24, 25 It is believed that lower blood pressure, lipid profile, and less inflammation mediators may lead ischemic stroke patients with acupuncture treatment to have decreased risk of recurrent stroke.
This study has some limitations. First, as we used retrospective medical claims data from health insurance that lacked detailed patient's information in detail on lifestyle as well as physical, psychiatric, and laboratory examinations, we were unable to differentiate whether these factors influenced the effects of acupuncture treatment on stroke patients. Second, we used ICD-9-CM codes claimed by physicians for the stroke without clarifying the severity of disease, our study would have been improved if we had information of National Institute of Health Stroke Scale. Third, our study could not show the acupuncture points used in patient care due to the limited information from National Health Insurance Research Database. While acupuncture treatment for NHI reimbursement has been closely monitored with strict regulatory accreditation guidelines, the acupuncture protocols were not controlled as in clinical trial settings. Finally, another limitation is that stroke patients who chose acupuncture might have been more motivated to improve post-stroke complications than those did not. Our additional analysis (not shown in the tables) also showed that receiving Chinese herbal medicine (1 of subtypes of traditional Chinese medicine that was also covered in the Taiwan's National Health Insurance) was associated with reduced risk of recurrent stroke in both stroke patients with (HR 0.73, 95% CI 0.68-0.78) and without (HR 0.63, 95% CI 0.59-0.67) receiving acupuncture treatment.
CONCLUSIONS
In this nationwide retrospective cohort study of ischemic stroke patients, the reduced risk of recurrent stroke was found in the cohorts with acupuncture treatment. Patients with ischemic stroke underwent medication and acupuncture treatment had the lowest risk of stroke recurrence. However, the potential beneficial effects of acupuncture as a supplement measure to reduce stroke recurrence deserve further exploration in well designed clinical trials with stringent acupuncture protocols and sham control in a blinded fashion.
